Introduction
Achalasia is a rare esophageal motility disorder with a prevalence of 10 cases per 100,000 population and an incidence of approximately 0.5 cases per 100,000 population per year. 1, 2 It is characterized by the absence of peristalsis and impaired relaxation of the lower esophageal sphincter (LES). Clinical symptoms of achalasia are dysphagia, regurgitation, chest pain and weight loss. The exact pathophysiology of achalasia has not been fully understood, but functional loss of myenteric plexus ganglion cells in the distal esophagus and LES, therefore causing imbalance between the excitatory and inhibitory innervation of the distal esophagus is the generally accepted mechanism. 3, 4 Esophageal manometry is necessary for the diagnosis of achalasia.The absence of normal peristalsis of esophageal body and incomplete relaxation of LES are its typical findings. Highresolution manometry (HRM) is more sensitive, provides more detailed information and easier to perform than conventional manometry (CM). [5] [6] [7] [8] Recently, Pandolfino et al 9 described a new manometric achalasia subtype according to the HRM with pressure topography: type I, achalasia with minimal esophageal pressurization; type II, achalasia with esophageal compression; and type III, achalasia with spasm. Previous studies based on this new classification of achalasia showed that type II is the most common subtype, and that each subtype has different clinical and manometric characteristics. Moreover, type II is associated with good treatment response, whereas type III is associated with poor treatment response, most of which have been reported in Western studies. [9] [10] [11] [12] [13] [14] [15] These results suggest that each subtype could be associated with different disease mechanisms and that subtyping might play an important role in predicting treatment response. However, clinical data related with the achalasia subtype in the Korean population have been lacking. Therefore, the aim of this study was to investigate clinical characteristics, manometric results and treatment responses among the 3 achalasia subtypes in Korean patients.
M aterials and M ethods

Patients
Patients diagnosed with achalasia by using CM or HRM between September 2003 and July 2013 at Seoul National University Bundang Hospital were consecutively enrolled. Among 57 patients who were diagnosed with achalasia, 2 patients were excluded due to previous pneumatic dilatation (PD) or laparoscopic Heller's myotomy (LHM). Finally, the data of 55 patients were retrospectively analyzed. Forty (72.7%) patients were diagnosed with achalasia by using CM and 15 patients (27.3%) were diagnosed with achalasia by using HRM. All enrolled patients had an interview with physicians and the patients' symptoms were recorded by using planned recording formats. The symptom duration was time from the date of symptom occurrence to the interview date. The total symptom score was calculated based on the Eckardt score, 16 which was the sum of each symptom score for dysphagia, regurgitation and chest pain (0, absent; 1, occasional; 2, daily; and 3, each meal), and weight loss (0, no weight loss; 1, ＜ 5 kg; 2, 5-10 kg; and 3, ＞ 10 kg). Patients with a history of esophageal or gastric surgery and previous pneumatic dilatation or laparoscopic Heller's myotomy were excluded. Medical or surgical treatment was considered in patients whose symptom could negatively affect daily life (daily symptom, Eckardt score ≥ 2). First, calcium channel blocker (CCB) was tried, if it was not contraindicated. PD was performed in patients with poor response to CCB. If patients had predictors of poor response to PD, such as young age, male, and wide esophagus, LHM was conducted with PD skipped. Also, adverse events immediately after PD brought about LHM. All patients were provided informed consent and this study was approved by the institutional review board of Seoul National University Bundang Hospital.
Conventional Manometry
An 8-channel water perfused manometry catheter (UPS-2020; Medical Measurements Systems, Enschede, The Netherlands) with a sleeve sensor incorporated at the distal end was inserted into the esophagus via the nose. A pull-through technique was used to determine the LES pressure. A manometer was placed in the distal esophagus so that the most distal pressure lumen was situated 3 cm above the LES. Basal LES pressure, residual LES pressure, esophageal body contraction amplitude and duration were assessed on ten consecutive swallows consisting of 5 mL of water at 20 second intervals. The distal esophageal amplitude (DEA) was measured at level of 3 and 8 cm above the LES. The average of both amplitudes was used as DEA.
High-resolution Manometry
An HRM with 32 solid-state sensors spaced at 1 cm intervals (InSIGHT
TM
HRiM
Ⓡ system, Sandhill Scientific, Highlands
Ranch, CO, USA) was used. HRM assembly was passed transnasally and positioned in order to record from the hypopharynx to the stomach. Studies were performed with the patient in the sitting position after at least 6 hours of fasting. The manometric protocol included a 5 minute-period to assess basal sphincter pressure and ten 5 mL-water swallows. Manometric data were analyzed using the BioVIEW software (Sandhill Scientific).
Pressure readings were converted into topographic (color contour) plots to provide a continuous picture of the pressure throughout the segment considered.
Manometry Analysis
If HRM was used, analysis was performed with the BioVIEW software and the isobaric contour tool was set at 30 mmHg to measure the pressurization front velocity. Achalasia was identified as an impaired LES relaxation during swallowing (mean integrated relaxation pressure [IRP] ≥ 15 mmHg) and absence of normal peristalsis of esophageal body. IRP was defined as the LES relaxation pressure for 4 seconds within the relaxation window. Type I achalasia described cases with mean IRP ≥ 15 mmHg and 100% failed peristalsis; type II achalasia was identified as mean IRP ≥ 15 mmHg, no normal peristalsis, pan-esophageal pressurization with ≥ 20% of swallows; and type III achalasia, mean IRP ≥ 15 mmHg, no normal peristalsis, preserved fragments of distal peristalsis or premature (spastic) contractions with ≥ 20% of swallows (Fig. 1) . 9 All CM traces were reviewed by one physi- mmHg; type II achalasia when 2 or more contractions had an amplitude ＞ 30 mmHg; and type III achalasia when at least 2 spastic waves were detected (i.e., amplitude ＞ 70 mmHg and duration ＞ 6.0 seconds) (Fig. 1) . 10 
Upper Gastrointestinal Endoscopy
Upper gastrointestinal endoscopy (GIF H260; Olympus, Tokyo, Japan) was performed to check the food stasis or the degree of esophageal distension and to rule out secondary achalasia. All endoscopic examinations were carried out and assessed by expert endoscopists (N.K., C.M.S., Y.S.P. and D.H.L.)
Barium Esophagography
Timed barium swallow was performed in the standing position after an overnight fast. Patients were asked to drink 200 mL of barium solution (or as much as tolerated without regurgitation or aspiration). Recordings of the esophagus were performed at 1, 2 and 5 minutes after the last barium swallow. The typical 'bird's beak' appearance was defined as smooth tapering of the distal esophagus with proximal dilation of the esophagus. The width of the barium column was measured 5 minutes after the last barium swallow.
Treatment Response
Short-term treatment response was evaluated 3 months after the treatment. Of 55 patients, 50 (90.9%) patients completed the evaluation of short-term response, and were analyzed. Long-term treatment response was evaluated in 13 (23.6%) patients more than 5 years after the treatment. A poor response was defined as an increased Eckardt symptom score of more than 3 after treatment 13 or an aggravation of patient's subjective symptoms. A good response was defined when the Eckardt symptom scores were decreased to 3 or less after treatment 15 or when the patient's subjective symptoms were improved.
Statistical Methods
Parametric continuous variables are presented as mean ± SD, and nonparametric variables are presented as median (inter-
P-values of less than 0.05 were considered statistically significant.
All statistical analyses were performed using SPSS software (version 20.0; SPSS Inc, Chicago, IL, USA).
Result
Patient Characteristics
The baseline characteristics of the 55 patients are summarized in Table 1 . There were 21 (38.2%) type I achalasia patients, 28 (50.9%) type II and 6 (10.9%) type III. Type III patients were the oldest (70.0 years, P = 0.023). Dysphagia was the most common symptom in type I, II and III (95.2%, 88.9% and 66.7%, respectively), and regurgitation was the second most common symptom (61.9%, 53.6% and 16.7%, respectively) in each subtype. There were no statistical differences in gender distribution, symptom duration or median follow-up period among the 3 subtypes (Table 1) .
Manometry, Upper Gastrointestinal Endoscopy and Esophagography
The basal LES pressure in type III patients was higher than those of other 2 types (P = 0.004). The maximal esophageal pressure and DEA in type I achalasia were significantly lower than those in type II and III achalasia (all P < 0.0001), There were no statistical differences in the overall length of LES (P = 0.054), basal UES pressure and IRP. Type I achalasia showed marked dilatation and food stasis on upper gastrointestinal endoscopy (P = 0.009) (Fig. 2D) , whereas type II and III achalasia patients showed nearly normal upper gastrointestinal endoscopy ( Fig. 2E and 2F ). The median esophageal width was significantly wider in type I achalasia (46.0 mm) ( Fig. 2A ) compared with that in type III (23.0 mm) (Fig. 2C ) (P = 0.010). Type I achalasia showed bird's beak appearance on esophagogram (P = 0.006) ( Fig. 2A ) more frequently than type II (Fig.  2B ) and III achalasia (Fig. 2C) (Table 2) .
Short-term Treatment Response
Among 55 patients, 50 (90.9%) patients received the evaluation for short-term response 3 months after the treatment. The median follow-up period in I, II, and III subtype was 37.0, 22.0 and 15.4 months, respectively, without statistical significance. Of Data are presented as n (%). 19 patients with type I achalasia, 7 patients (36.8%) were treated with PD and 4 patients (21.1%) were treated with LHM. Among these 11 patients, 5 with PD (71.4%) and 2 with LHM (50.0%) achieved good treatment response (Table 3) . Of the 26 patients with type II achalasia, 7 patients (26.9%) were treated with PD and 4 patients (15.4%) with LHM. Among these 11 patients, 6 with PD (85.7%) and 3 with LHM (75.0%) achieved good treatment response. Five of type I (26.3%) and 9 of type II achalasia patients (34.6%) were treated with calcium channel blocker CCB. The treatment success rate of CCB in type I and II achalasia was 60.0% and 55.6%, respectively (Table 3 ). In contrast, all type III patients responded to CCB (Table 3 and Fig.  3A ).
Long-term Treatment Response
Treatment response in 13 patients more than 5 years after the treatment were analyzed. Of the 13 patients, 2 patients who showed good response on PD and LHM relapsed after 5 years and the symptoms of 3 achalasia patients who showed poor response to initial PD or LHM persisted which needed further treatment. Two achalasia patients who were treated with CCB were followed up with HRM (Fig. 3B ). They were diagnosed as having achalasia by CM, 8.7 and 7.4 years ago. Follow-up HRM showed decreased esophageal body pressure compared with previous CM studies (Fig. 4) .
Discussion
The Chicago classification subdivides achalasia into 3 subtypes based on HRM results. In the present study, only 40 of 55 patients (72.7%) were diagnosed with achalasia by using CM with a sleeve sensor, because HRM was available from October 2011. The classification of achalasia subtypes based on CM may be less precise than the HRM-based classification. However, Salvador et al 10 Thus, the classification of 3 achalasia subtypes based on CM is comparable with that based on HRM.
In the present study, type II achalasia is suggested to be predominant in Korean achalasia patients. Type II achalasia has been found as the most common type of achalasia in other stud- Figure 4 . Long-term follow-up monometric finding of anachalasia patient. One 53 year-old woman who complained of dysphagia was diagnosed as having achalasia by conventional manometry (CM), 8.7 years ago. On CM, peak amplitudes 18, 13, 8 and 3 cm proximal to LES were 26, 25, 32 and 43 mmHg, respectively and these findings were compatible with type II achalasia (A). She was recently followed up with high-resolution manometry (HRM). On HRM, the color plot showed a minimal esophageal body pressure below 20 mmHg, and HRM findings were compatible with type I achalasia (B). These follow-up results reveal the evidence of esophageal decompensation in this patient. The initial esophagogram showed a standing column of barium with mild passage disturbance inthe distal esophagus; the maximal width of the esophagus was 32.2 mm. A follow-up esophagogram showed more dilated esophagus and a maximal width of 57.3 mm. Upper gastrointestinal endoscopy findings were normal in the initial and follow-up studies.
ies, 9, 10, [12] [13] [14] [15] except in the one study of an Indian population by Pratap et al, 11 in which type I and type II achalasia showed the same frequency (Table 4) . Variable causes such as infectious agents, neurodegenerative process, autoimmune factors and genetic susceptibility have been suggested to develop achalasia. Thus, different distributions of races and environmental factors may explain the different frequency of achalasia subtypes in the Indian study. In addition, the age distribution of the 3 subtypes was also different among countries. However, the mean age of type III achalasia was found to be older than the other subtypes in four studies, which is quite similar to our study (Table 4) . In the present study, the evidence of esophageal decompensation was shown on barium esophagogram and upper gastrointestinal endoscopy findings. Pandolfino et al 19 nicely presented that the esophagus is flaccid with marked dilatation on the esophagogram in type I achalasia, the proximal esophagus is filled with air in type II achalasia, and the esophagus has an extreme corkscrew appearance, often interpreted as esophageal spasm in type III achalasia. The present study also confirmed that the esophageal width of type I achalasia was larger than that of other subtypes, which was consistent with other studies. 10, 15 Rhee et al 20 revealed the decompensation process from vigorous achalasia to classic achalasia according to the CM method. Vigorous achalasia represents the acute form with remnant neuromuscular activity in the esophageal body. Further loss of cholinergic neurons, resulting in dilatation and low amplitude simultaneous contractions in the esophageal body is called classic achalasia. According to the Chicago classification, type I and type II with low compression pressure are defined as classic achalasia, and type III and type II with high compression pressure are defined as vigorous achalasia. Pandolfino et al 9 suggested that type I and II achalasia could be a continuum of the natural history of the disease, and that type II achalasia may represent a more early stage of the disease. In the present study, 2 achalasia patients showed a decrease in mean body pressure below 20 mmHg in the course of follow-up, and this finding may suggest the progress of type II into type I achalasia, and it could be evidence of esophageal decompensation. However, further large number of follow-up data is needed. Controversy remains with respect to whether these achalasia subtypes correctly represent distinct motor disorders or are simply different points in the progression from a healthy esophagus to end stage achalasia. 21 However, type III achalasia with higher esophageal pressure and normal upper gastrointestinal endoscopy and normal esophagogram findings, shows poor treatment out-
